Abstract. The XPA gene participates in modulating DNA damage recognition during the DNA nucleotide excision repair process. Current data regarding the association of the XPA A23G polymorphism with the risk of head and neck squamous cell carcinoma (HNSCC) remain controversial, and meta-analyses focusing on the HNSCC risk and this polymorphism are limited. Therefore, the aim of the present study was to derive a more precise estimation of this association by a meta-analysis of all the eligible studies. Odds ratios (ORs) with 95% confidence intervals (CI) were assessed for the strength of the associations in eight studies, including 5,491 subjects (2,409 HNSCC cases and 3,082 controls). The overall analysis revealed that the XPA A23G polymorphism was not significantly associated with the overall HNSCC risk. Consistently, there was no evidence for the association between the XPA A23G polymorphism and HNSCC risk in subgroup analyses based on ethnicity and the source of controls. However, the significant associations in oral carcinoma with the increased risk among the XPA heterozygote (AG vs. AA: OR, 1.58; 95% CI, 1.06-2.37; P heterogeneity =0.23, I
Introduction
Head and neck squamous cell carcinoma (HNSCC), including the oral cavity, pharynx and larynx, constitutes the sixth most common malignancy worldwide, and the pathogenesis remains unclear (1) . Although increasing evidence suggests that environmental factors and chemical carcinogens, such as tobacco use and excessive alcohol consumption, are possible etiological factors contributing to HNSCC susceptibility, only a small fraction of people exposed to these carcinogens will develop HNSCC (2, 3) . HNSCC development is widely recognized as a stepwise process with the involvement of a series of genetic alterations, and host genetic factors may also be involved in the carcinogenesis (4) . The identification of a predictive model of risk polymorphisms may aid in early diagnosis and in understanding disease progression in a subset of cancer patients.
The xeroderma pigmentosum group A (XPA) gene codes for a zinc-finger DNA-binding protein, and it is a part of the nucleotide excision repair (NER) complex, which is responsible for repair of ultraviolet radiation-induced photoproducts and DNA adducts by chemical carcinogens (5, 6) . Additionally, XPA is involved in a step of damage recognition, and plays a key role in global genome and transcription-coupled repair pathways (7) . A common single-nucleotide polymorphism of XPA A23G, rs1800975, is an A-to-G point mutation in the 5' noncoding region of four nucleotides upstream of the start codon of XPA, which has been identified and extensively researched (8) (9) (10) .
Thus far, several molecular epidemiological studies have investigated the association between the XPA A23G polymorphism and HNSCC risk (11) (12) (13) (14) (15) (16) (17) (18) . However, the results remain inconsistent and controversial, partially due to the relatively small sample size of independent studies and sampling effects. Meta-analysis allow stronger conclusions for identifying certain models of risk markers, which may aid in screening, early diagnosis and/or therapy in the clinic (19, 20) . To the best of our knowledge, no previous meta-analysis has focused on the XPA A23G polymorphism and HNSCC risk. Therefore, a meta-analysis was performed on all the eligible studies to achieve a more precise estimation of this association, as well as to investigate the source of heterogeneity and potential bias. The potential associated studies were reviewed to evaluate their suitability for inclusion in the meta-analysis. Additional relevant studies were identified through the references cited in the retrieved studies or reviews on this topic.
Association of the
Inclusion and exclusion criteria. The inclusion criteria for the eligible studies were as follows: i) Human case-control studies; ii) evaluation of the XPA A23G (rs1800975) polymorphism and HNSCC risk; iii) sufficient genotype data to estimate an odds ratio (OR) and 95% confidence interval (95% CI); and iv) histologically confirmed diagnosis of HNSCC. Accordingly, the exclusion criteria were as follows: i) Not a case-control study; ii) duplicate or overlapping studies; and iii) no usable data reported.
Data extraction. According to the selection criteria, all the relevant crude data were extracted from each eligible study independently by two investigators. Inconsistencies were discussed until a consensus was obtained. The following items were extracted from each study: First author name, year of publication, country of origin, tumor site, ethnicity, source of control (population-or hospital-based controls), genotyping methods, number of cases and controls, characteristics of cancer cases and controls, genotype frequencies for cases and controls.
Statistic analysis. Hardy-Weinberg equilibrium (HWE) of the control group of each study was measured using the Pearson's goodness-of-fit χ 2 test. The strength of the association between the XPA A23G polymorphism and HNSCC and OSCC risk was determined by OR with 95% CI. In the overall and subgroup meta-analysis, pooled ORs and 95% CIs for the heterozygote (AG vs. AA), homozygote (GG vs. AA), dominant (AG+GG vs. AA) and recessive models (GG vs. AG+AA) were calculated. The allele comparison (G vs. A) was conducted as an additive model. The statistical significance of the pooled OR was evaluated using the Z-test, and the heterogeneity of the ORs was tested by the χ 2 -based Q-test and I 2 statistics. When the result of the heterogeneity test showed P>0.1, ORs were pooled according to the fixed-effects model (Mantel-Haenszel model). Otherwise, the random-effects model (DerSimonian and Laird model) was selected. Additionally, the Egger's test and Begg's funnel plot were used to measure the potential publication bias. All the statistical analyses were performed with the STATA 12.0 software (Stata Corporation, College Station, TX, USA) and Review Manager 5.0 (The Cochrane Collaboration, Oxford, UK), using two-tail P-values.
Results
Study characteristics. Of the 40 potentially relevant studies, 30 were excluded and 10 full-text studies were retrieved for detailed evaluation from the search of the published literature. During the extraction of data, one study by Schena et al (18) that was not relevant to the XPA A23G polymorphism was excluded; and one meta-analysis by Liu et al (8) was excluded. Therefore, eight eligible studies, including 2,409 HNSCC cases and 3,082 controls, were identified in the final meta-analysis (Fig. 1) . Characteristics of the eligible studies are summarized in Table I . All the studies were case-control studies, including two oral carcinoma studies, three laryngeal carcinoma studies, and three mixed head and neck carcinomas studies. Four of the eight studies were conducted in the Asian population and four were conducted in Caucasians. There were five hospital-based and three population-based control studies. A polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was performed in four of these studies. The detailed variant genotype distributions of the XPA A23G polymorphism for the HNSCC cases and controls in the individual studies are listed in Table I .
Meta-analysis results. The associations of the XPA A23G polymorphism with the HNSCC risk are summarized in Table II. In the overall analysis, no significant association was observed in any genetic model; heterozygote (AG vs. AA: OR, 1.06; 95% CI, 0.90-1.24), homozygote (GG vs. AA: OR, 1.06; 95% CI, 0.90-1.25), dominant (AG+GG vs. AA: OR, 1.11; 95% CI, 0.95-1.29), recessive models (GG vs. AG+AA: OR, 1.05; 95% CI, 0.94-1.18), and allele comparison (G vs. A: OR, 0.94; 95% CI, 0.75-1.18). Consistently, there was no evidence for the association between the XPA A23G polymorphism and HNSCC risk in the subgroup analyses based on ethnicity and source of controls in all the genetic models (Table II) . In the stratified analysis by tumor site, there was also no evidence for the association between the XPA A23G polymorphism and laryngeal carcinoma and mixed HNSCC risk in any genetic model. However, significant associations in oral carcinoma with increased risk among the XPA heterozygote (AG vs. AA: OR, 1.58; 95% CI, 1.06-2.37; P heterogeneity =0.23, I
2 =30%) and dominant (AG+GG vs. AA: OR, 1.53; 95% CI, 1.04-2.23; P heterogeneity =0.21, I 2 =36%) models were observed. Forest plots for meta-analysis of these two significant genetic models are shown in Fig. 2 . Table II , there was no evidence of heterogeneity in the vast majority of the overall and subgroup analyses among all the genetic models (P>0.1 for heterogeneity, Q test), and these ORs were analyzed with the fixed-effects model. Heterogeneity was found in only a few of the analyses (P<0.1 for heterogeneity, Q test), and these ORs were analyzed with the random-effects model.
Test of heterogeneity. As presented in
Publication bias. Publication bias of literature was examined using the Egger's test and Begg's test. As presented in Table III , the Egger's test indicated no evidence for publication bias for all the genetic models (all P>0.05), which was confirmed by Begg test (all P>0.05). Fig. 3 showed that the shape of the Begg's funnel plots did not reveal any evidence of clear asymmetry in the allele G vs. A model.
Discussion
The XPA protein is involved in the DNA damage recognition process and plays a pivotal role in the NER pathway, which is a key defense mechanism against the major carcinogens of HNSCC (21) (22) (23) . The A23G polymorphism regulated XPA gene expression through transcriptional and post-transcriptional control mechanisms. XPA A23G genetic variations thus have the potential to influence protein function and subsequently DNA repair capacity (8) (9) (10) . Several studies on the association of the XPA A23G polymorphism with HNSCC susceptibility have been published (11-18) . However, the results are contradictory. The present study aimed to obtain a more accurate estimation Table II . Summary of pooled odds ratios (ORs) with 95% confidence interval (CI) in the meta-analysis. of the association between the XPA A23G polymorphism and HNSCC susceptibility by performing a meta-analysis from all the eligible case-control studies published so far.
--------------------------------------------------------------------------------------

Test of association Test of heterogeneity Group --------------------------------------------------------------------------------------------------------------------------------------------------------------------
A previous meta-analysis conducted by Liu et al (8) of the XPA A23G polymorphism and the risk of all the different types of cancer, including HNSCC, observed a significant association of an increased risk of HNSCC with the recessive model (GG vs. AG+AA: OR, 1.19; 95% CI, 1.02-1.38). The previous meta-analysis included five studies of HNSCC (1, 194 cases and 1,892 controls), and the present study extended the data, including eight independent studies of HNSCC (2,409 cases and 3,082 controls). Additionally, the present study focused on the association between the XPA A23G polymorphism and the risk of HNSCC. However, the results of the overall analysis showed that the XPA A23G polymorphism in any genetic model is not associated with the HNSCC risk when all the eligible studies were pooled together, suggesting that this polymorphism may not play a key role in HNSCC susceptibility.
A subgroup meta-analysis was performed of the XPA A23G polymorphism according to ethnicity, control source and tumor site. In the subgroup analyses by ethnicity and control source, no significant associations were identified in any genetic model among the HNSCC studies, in conformity with the results of the overall analysis (Table II) . However, an increased risk of oral carcinoma was observed among the XPA A23G heterozygote and dominant carriers in the subgroup analysis by tumor site, and no significant associations were found in the laryngeal carcinoma and mixed HNSCC (Fig. 2) . This data suggested that there may be a tissue-specific cancer susceptibility for the XPA A23G polymorphism and the different roles of the same polymorphism in the different cancer sites. Of note, the involvement of XPA in cancer susceptibility may interact with other gene polymorphisms and with certain particular environmental exposures.
Due to the existence of several limitations, the results of the present meta-analysis should be interpreted with caution. First, the number of eligible published studies and the pooled sample size of independent studies were small in the overall and subgroup analyses, and it is possible that certain relevant unpublished studies were missed. Second, the effect of the confounding participants in gene-gene and gene-environment exposures and life habit interactions, such as the NER pathway, and tobacco and alcohol use, were not estimated in the present study due to data limitation. Therefore, to obtain a more precise analysis of XPA A23G polymorphism on OSCC risk, additional well-designed studies with larger sample sizes and diverse ethnicities are warranted. Regardless of these limitations, the present meta-analysis also has certain strengths. First, a systematic review of the association of the XPA A23G polymorphism with the HNSCC risk is statistically more powerful than any independent study. Second, the quality of eligible studies included in the present meta-analysis was satisfactory without evidence of publication bias for the outcome (Table III) .
In conclusion, the present meta-analysis provided a more precise estimation of the association between the XPA A23G polymorphism and HNSCC risk compared to independent studies. The results of the meta-analysis indicated that the XPA A23G polymorphism may not be associated with overall HNSCC susceptibility but with oral carcinoma susceptibility, and it may be a risk factor for oral carcinoma; however, the study was a preliminary analysis and should be considered with caution. Further well-designed and large studies are required to clarify this association.
